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Plastic generation may double by 2030
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Data from Geyer et. al, Science Advances 2017



Plastic fragments after entering environment

Polyethylene mechanically weathered with sand for 80 days. Optical light microscopy image.

Hepso , Environmental Science & Technology, 2018.
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Scanning electron microscopy image of polyethylene facial scrub

'Hernandez et. al, Environmental Science & Technology 2017



Plastic breaks down and enters surface water

Atmospheric
emissions and
deposition
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World Health Organization (2019)
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Senate Bill 1263 passed in 2018

e |nitiate Statewide Microplastics
Strategy

e Develop risk assessment framework
e Develop standardized methods

e Establish baseline occurrence data

e |nvestigate sources and pathways

e Recommend source reduction
strategies
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e State Water Board must define

microplastics in drinking water

e Adopt standard analytical method(s)

e Adopt requirements for four years of
testing and public disclosure of results

e Consider issuing a notification level
or other guidance

e Accredit laboratories
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Deadline eState Water Board
July must define
1, 2020 microplastics in
drinking water




Polymer

PP
LDPE
HDPE
PVC
PU
PET
PS
ABS
PMMA
POM
PBT
PC
PA
SAN
PEEK
PSU
PU

Rochman, et al

Microplastics is a diverse contaminant suite

Additives
Plasticizers
Colorants
Reinforcements
Fillers
Flame retardants
Stabilizers

. Environmental toxicology and chemistry (2019)

Product types
Primary
Pre-production pellets
Personal care products
Industrial abrasives...

Secondary Colour
Agricultural materials Morphology Red
Beverage bottles T Orange Eco-toxins
Carry bags Size ,
Construction materials Fiber bundle PAHSs
Containers <5mm Fragment Tan PCBs
Clothing Sphere Brown DDT
Cutlerg_r Nano Pellet Offf white Heavy metals
: ELECUTICS' Film White PBDEs
00 i;lﬁ;; aging Foam Grey
Furniture Blye
Insulation Green r / ‘
Mattresses '
Medical Il' -
Pillows i b ;
Pipes “ : =
Textiles
Toys
Tires
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Microplastics definition: principal considerations

Characteristics Relevance/Limitations
* Chemical composition * Human health impacts
 Physical state (solid,gel) e Occurrence
* Size * Technical feasibility
* Solubility e Cost

e Shape & structure
* Color

* Degradability?
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Microplastics size definition: no consensus
microplastics mesoplastics  macroplastics

Gregory & Andrady+ 2003 67500 pm (>0 1 15cm |

Browneet al.s2 2007 B <1 pm | 1-1000 pm >5mm
Moores: 2008 <5000 pm
Ryan et al.5¢+ 2009 <2000 pm " '
Costaetalss 2010 <1000 um
Desforges et al.5¢ 2014 15000 pm
Wagner et al.57 2014 oot 20-5000 pm --
Koelmans etal.” 2015 1—100 nm pm-scale—5000 pm
Andradyss 2015 ~ <lym 1-1000 pm
Koelmans etals 2017 +335—EDDEI P""
NOOAs 2009 <5000 pm
EU Commissionzz 2011 1—100 nm
EU MSFD WG-GES# 2013 20-5000 pm 525 mm 2.5 cm
GESAMPz: 2015 1-1000 pm
EFSA (CONTAM)s0 2016 1100 nm 0.1-5000 pm
' ' ' ' ' ' ' ' -
10% 108 1077 106 10 1074 10= 10"? particle size [m]
1nm 1 um 1 mm 1cm

Environ. Sci. Technol. 2019, 53, 1039-1047



Proposed definition and categorization framework

Criterion |
Chemical

composition
P Axcl

x Slightly modified
natural polymers

Criterion |l
Solid state

= Polymer gels

Criterion Il
Solubility
/EXG|
x Soluble polymers .

v Synthetic and semi=synthetic
polymers

v Disregard additive content

v" Copolymers

v Composites with synthetic
polymer as essential ingredient
v Tire wear (and road) particles

v Solid polymers
(T or T, >20 °C)

v Insoluble polymers
(<1 mg L at 20 °C)

Environ. Sci. Technol. 2019, 53, 1039-1047

v

Criterion IV
Size

Criterion V
Shape and
structure

Criterion VI
Color

|

Criterion VII
Origin
(optional)

nanoplastics: 1 to <1000 nm
microplastics: 1 to <1000 ym
mesoplastics: 1 to <10 mm
macroplastics: 1 cm and larger

-

L
I

spheres irregular fibers  films

particles

primary secéﬁdary
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Definition of microplastics in drinking water

(Potential)
30-Day Public reconsideration public
Comment period comment period

e April-May, 2020 e April- May, 2021

Board Adoption (Potential)
e Prior to July 1, 2020 reconsideration by Board

e Prior toJuly 1, 2020



STATE WATER RESOURCES CONTROL BOARD
REGIONAL WATER QUALITY CONTROL BOARDS

July 1,2021 < e Consider issuing a notification level or

other guidance

Nt

Notification level =|health-based|advisory level established
by the State Water Board for chemicals in drinking water
that lack maximum contaminant levels (MCLs).

Requires timely notification if exceeded.
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Hazard
Potential to cause harm

¥ Exposure

Risk

Probability to cause harm
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Some exposure routes to microplastics known

400 1

300 1

MPs/day

100 1

O-

200 -

A) Male, Adult Estimated exposure: 120,000 particles/year?

ﬂf}ﬂaﬂ 531"*1 P.‘\E'Dhﬂx \NBIE'E{ Sﬂgﬁ{ N W E'E.B-":SE: ‘BﬁDD{j N\l

1Cox, et al, Environmental Science & Technology, 2019
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Microplastics are in indoor and outdoor dust

* Household dust is 2.6% microplastic (range: 1.5-13%) !
* Indoor (23 g/kg) > outdoor (1.6 g/kg)?
* Fibers dominate (~“88%)1

>5pum
Trapped in upper airways

= ". e 1 = 5 |]m -
% [ Deep lung deposition
¥ , N 3 ; < 1 I.Im
~ L) 1 Reach pulmonary alveol
' " M 3 G a ; through diffusion

:2"““"" ; ! 200
Microfiber in dust?

‘¥Mnm

Phagocitosys by AMs

\

figure'

Image: @HaggardHawks

1C. Liu et al, Environment International 2019
’Dehgani et al., Environmental Science and Pollution Research 2017 20



Microplastics fall onto food from dust

* Ingest ~250 grams of plastic/year?!

* 100-500x more ingestion of microfibers via
dust fall than mussels?

* Major data gaps for commonly consumed
items (meat, dairy, grains, vegetables)?

Humans eat ~250 grams of plastic/year?!

Photo: Reuters

1Cox, et al, Environmental Science & Technology, 2019

2Catarino, et al, Environmental Pollution, 2018 -



Plastic Teabags Release Millions of Microplastics

Fraction

il

50000 i " .o
F’artn"le dlameter{n m) o - PN Parhcle diame 2er|nm;

Fractlon

0 1000

Teabag steeped at 95°C releases ~2.3 million microplastics, and ~14.7 billion nanoplastics

Hernandez et. al, Environmental Science & Technology (2019)
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Plastic is a cocktail of contaminants

0
phthalates

Plastic
Marine

N
B Chemical Ingredients

styrenes ] Chemical Byproducts
y (Cl a B Sorbed Contamenants

Photo from Rios et al. (2007), Marine Pollution Bulletin.

Figure from Bergmann et al. (2015), Marine Anthropogenic Litter.
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Some plastic additives are endocrine disruptors

Estrogen
Endogenous Hormone

OH

H OA“

17-B-estradiol

Common Plastic Additives

HO

Bisphenol A

OH

OH

T-Bu

4-tert-octylphenol

OH

CH,(CH,),

4-n-nonylphenol

Figure: Coffin (2018)




Microplastics can transfer chemicals

* Plastic may transport chemicals? [ ol oy e folowee &

Uptake of chemical by plastic causing

* Plastic may act as cleaning mechanism for chemicals! chemical depuration from organism

* Adsorption/desorption kinetics depend on gut residence, steady state

Ing Ing M
C _ kICPL — k2CL,t 1 —(kl+%k2)GRTf
PLR,t — — € L )

M
k PL
P T M, 2

1Koelmans, et. al, Environmental Science & Technology (2016)
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e"m & ec “ nuu *: Cite This: Environ Sci Technaol. 2019, 53, 4588-4599 P‘Uh5-3‘:5-':'r!}"|:-"5t

Fish and Seabird Gut Conditions Enhance Desorption of Estrogenic
Chemicals from Commonly-Ingested Plastic Items

Scott Coffin,*" Guo-Yong Hu&ng,*’d: llkeun Lee,” and Daniel Schlenk’

16 Commonly-ingested plastic items

Fish Gut | Salt/fresh-water control Seabird Gut
24°C, pH 2.0, 2 g/L. Pepsin 24/40 °C,pH 7.0 40°C, pH 2.0, 10 g/L Pepsin

T1.3x BEP ‘T+2.0x BPA, 1.8x DEHP

“T5.1x biological estrogenicity ~2.9x biological Eitmgenicii',r
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Transfer of chemicals unlikely to cause risk to humans

Table 3.2 Exposure assumptions to assess microplasticintake in drinking-water, along with rationale

and associated level of conservatism

Parameter Assumption Rationale Level of conservatism
Chemical Highest Upper-bound H_|_g_h|: concentrations often vary over several
concentrations  |reported? concentrations orders of magnitude and concentrations of
in microplastic measured, although  contaminants in marine microplastics may be
data are limited to much higher than in fresh water since they
marine microplastics. ~ will have longer to equilibrate. For some of
the studies there was a three-fold difference
in concentration between the highest
and second highest value and more when
compared with a mean.
Leaching/ 100% In the absence of Very hight release from plastics is complex;
bioavailability information on more information on extraction with qut fluid
of the chemical leaching in the Gl would help refine this assumption.
contaminant in tract, complete
the body release is assumed.

World Health Organization (2019)
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Transfer of chemicals unlikely to cause risk to humans

Chemical® Upper bound Maximum Point of departure Margin of exposure Conclusion
concentrationin  daily intake (ng/kg bw/day)  (MOE)
microplastic (ug/g) (ng/kg bw/day)"
Bisphenol A 0.7297 0.001 609 5.9 x 10 No safety concern
Cadmium 3390 5.0 0.8 1.7 X 10? No safety concern
Chlordane 0.0144 0.00002 50 2.5%10° No safety concern
Di(2-ethylhexyl)phthalate 0.0699 0.0001 2500 2.5%10" No safety concern
Dichlorodiphenyltrichloroethane 7.1 0.0001 1000 1.0 x 108 No safety concern
Hexachlorobenzene 0.0587 0.00002 50 6.0 x 108 No safety concern
Polyaromatic hydrocarbons 119 0.06 100 6.0 10° No safety concern
PBDEs 9.9 0.01 100 7.2 10 No safety concern
P(Bs 18.7 0.03 5 1.9 X 10° No safety concern

World Health Organization (2019)
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Human health impacts: some medical evidence

FAO (2017)

Level of biological

organization

Macromolecules

Particle type and
size
PE 100 nm-30 pm

PS 50 nm—4.7 pm
PMMA 1 pm-2 pm

Effect

DNA damag_&l

changes In gene
and protein

PC 1 pm=55 pm expression
Organelles’ PMMA 10 pm more micronuclei
Cells PS 20 nm—4.7 pm cell clotting,

PE 300 nm-10 pm nec;*;;sis,tqnnnto;is,

B proliferation an

PMMA 2 pm-35 pm loss of cell viability

PS5 20 nm-200 nm Oxidative stress

PS5 60 nm-200 nm Increased Ca ions
Tissues PE 600 nm-21 y, inflammationjand

PMMA 1 pm-35 pm bone osteolysis
Organs PMMA 1 pm-10 pm |Iesi0n5 |
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Smaller particles are more toxic

DNA Protein Virus Red blood cell Bacteria Dust mite  Frog egg
1nm 10 nm 100 nm 1 um v |
|—0910\ N
e N
Nanoscale Microscale
. A <19[0 nm <20pym 10pm  110-150pm 5450 ym
Absorption/ ccess 1o organs, . Access to Portal vein lymph No absorption
Distribution translocates blood-brain, placental barrier absorption
<7% absorption organs <0.3%
20-200 nm 50nm - 1uym 1-35 ym
Hazard  Apoptosis, necrosis, oxidative DNA damage, gene/protein Inflammation, lesions,
stress, cell clotting, neurotoxicity ~ expression changes bone osteolysis

Data from FAO Report 2017
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Human health impacts: extreme uncertainties

* No epidemiological evidence or human studies on ingested microplastics?
* Lab animal studies inadequate to inform human health risk assessment!
* 90-day dietary study on rats reveal no effects on blood parameters, organ

weight, histopathology, mutagenicity (1-50 pm PET)?%3

World Health Organization (2019)
’Merksi et al., International Journal of Toxicology (2008)
3Welle and Franze, Food Additives & Contaminants (2018)
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Human health impacts: extreme uncertainties

“Although there is insufficient
information to draw firm conclusions

on the toxicity related to the physical gL

hazard of plastic particles, particularly @ @& ¢ g € g @l
the nano size particles, noreliable =~ = = = =i
information suggestsitisaconcern | & o &0

through drinking-water exposure.”

— World Health Organization (2019)
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Bright Field H&E stain
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Nanoplastic crosses blood-
brain and placental barrier piacenta |

* Polystyrene particles (<500 nm) cross
placental barrier and distribute into brain,
lung, and liver?! Brain

* Small nanoparticles (<40nm) are cytotoxic,
induce trophoblast cell apoptosis
w/increased cleaved caspase 3 and reduce
cell proliferation? Lung

Liver

'Huang, et al, Placenta, 2015



STATE WATER RESOURCES CONTROL BOARD
REGIONAL WATER QUALITY CONTROL BOARDS

July e
1,2021

e Adopt requirements for four
years of testing and reporting of
microplastics in drinking water,
including public disclosure of
results




What types of drinking water contain microplastics?
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Microplastics abundant in surface water

* Small particles dominate!
e ~90% of particles 1-10 um
e Similar size to pathogens
* Fibers and fragments dominant!-?
* Flotation, sedimentation effective
treatment options?

WTP1

WTP2

WTP3

1pivokonsky, et al, Science of The Total Environment, 2018.
20Bmann et al., Water Research, 2018

RAW

TREATED

RAW

TREATED

WTP — WATER TREATMENT PLANT

1-10 pm
>10 ym

RAW

TREATED
0 MICROPLASTICS L' 2000 4000
Figurel
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Microplastics low in groundwater

* 0-0.007 microplastics/L 8-

Polymer type
_ o B PE
* 20 um size limit mm PA
i |
= 6- 1 PEST
f EE PVC
i .
) [ epoxy resin
8 4 pOXy
o
o
-
=)
£ 2-
=
0_ | ! 1 | | “ | | | 1 | | - | 1 | -ITI |
— ] [4F] -t E 1.9 | [2F -5 ™ [ | o =t — | [aF -F Lo [ | f'z =t
22 Eglz:z3ER|E Bz E8R|EE e
- +— © £ g ¥ o+ o + © & + s +
o E B o E o E S £ o E
Region Nethen Holdorf Grossen- | Sandeler-| Thuels-
(Germany) kneten moens felde

IMintenig, et al, Science of The Total Environment, 2019
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Microplastics found in bottled water

20000

15000

10000

2000

Mean number of microplastics/l

-5000

blank single use PET reusable PET - reusable PET - reusable PET - glgss
newish bottles older bottles in total
n=7 n=10 n=4 n=4 n=12 n=10
Bottle type

ORmann et al., Water Research, 2018

100%
80%
Sg
s 609%
E o
g
£> 40%
[ =]
O
20%
0% -
Slunsgele reusab glass
PET le PET
mothers 1.0% 2 6% 13%
n Styrene-Butadiene- 149%
Copolymer
nPP 10% 10% 23%
mPE 0.7% 54% 46%
u PET+olefin 11% 7.7%
mPET 78% 74% 3.6%
Bottle type
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STATE WATER RESOURCES CONTROL BOARD
REGIONAL WATER QUALITY CONTROL BOARDS

INVEWwirikaEal ¢ Accredit laboratories

* ELAP will offer method(s) for accreditation by July, 2021
* Quality Assurance will be critically assessed (i.e. clean labs)
* Proficiency Testing (PT) samples will be utilized



STATE WATER RESOURCES CONTROL BOARD
REGIONAL WATER QUALITY CONTROL BOARDS

/'

July i e Adopt standard
1,2021 analytical method(s)

=

* Contracting with the Southern California Coastal Water Research
Project (SCCWRP) to standardize method in drinking water and
source water and interlaboratory validate



Photo: Mandy Baker

@DrSCoffin
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